Salter-Harris type V fracture is a very rare injury in the immature skeleton. In most cases, it remains undiagnosed and untreated. We report a case of genu recurvatum deformity in a 15-year-old boy caused by a Salter-Harris type V fracture of the proximal tibial physis. The initial X-ray did not reveal fracture. One year after injury, genu recurvatum deformity was detected associated with significant restriction of knee flexion and limp length discrepancy (2 cm) as well as medial and posterior instability of the joint. Further imaging studies revealed anterior bone bridge of the proximal tibial physis. The deformity was treated with a high tibial dome osteotomy combined with a tibial tubercle osteotomy stabilized with malleolar screws and a cast. Two years after surgery, the patient gained functional knee mobility without clinical instability. Firstly, this case highlights the importance of early identification of this rare lesion (Salter-Harris type V fracture) and, secondly, provides an alternative method of treatment for genu recurvatum deformity.
Introduction
Fractures of the proximal tibia are among the rarest of physeal injuries, accounting for between 0.5 and 3% of all injuries involving the growth plate [1] [2] [3] . Many authors suggest that the proximal growth plate of the tibia is less prone to injury because of the lack of any significant attachment of the collateral ligaments. Furthermore, the epiphysis is buttressed laterally by the head of the fibula and anteriorly by the forward projection of the tibial tuberosity [1, [4] [5] [6] . SalterHarris type V fractures of proximal tibial physis are even rarer. These lesions can lead to genu recurvatum deformity if misdiagnosed and mistreated. Osseous genu recurvatum is most often due to asymmetrical growth arrest of the proximal tibial physis affecting primarily the tibial tubercle [7] . Restoration of the deformity can be achieved either by gradual correction with the Ilizarov technique or by acute correction after bony osteotomies [7] . Several osteotomies have been described in the literature with open and closed wedge osteotomies being the most prominent. The purpose of our study is to present a case of genu recurvatum caused by a Salter-Harris type V fracture of the proximal tibial physis treated with a high tibial dome osteotomy in combination with tibial tubercle osteotomy.
Case Report
A 15-year-old boy with a history of left knee injury presented in our outpatient clinic limping using armpit crutches. Clinical examination revealed genu recurvatum deformity, posterior and medial joint instability, and limb length discrepancy (2 cm). Knee flexion was limited significantly (less than 25
• ) (Figure 1 ). The initial injury that was associated with haemarthrosis was treated a year ago with elastic bandage stabilization for 2 weeks in another hospital. Early mobilization was recommended after the completion of the treatment. The primary X-ray control demonstrated no bone injury ( Figure 2 ). Our X-ray control demonstrated subluxation of the joint, osseous recurvatum deformity of 30
• affecting the proximal left tibia, fuzziness in the anterior proximal part of the growth plate and a tibial tubercle hypoplasia (Figure 3 ). CT and three-dimensional CT of the left knee revealed bone bridge over the anterior proximal tibial epiphysisproximal tibial metaphysis and severe recurvatum deformity. The tibial tubercle was displaced posteriorly accompanied by angulation of the tibial plateau ( Figure 4) . MRI of the affected knee demonstrates physeal arrest of the tibial tubercle. The proximal tibial growth plate was undisturbed while the patellar tendon thickened ( Figure 5 ). 99m Tc-MDP bone scan revealed no evidence of tumor or inflammation of the left knee. The growth plate of the proximal tibia presented with reduced perfusion and osteoblastic function ( Figure 6 ).
High tibial dome osteotomy, proximal to the tibial tubercle, was performed. Tibial tubercle osteotomy followed. Iliac bone autograft was used to restore the tibial tubercle and elongate the extensor mechanism. The tibial and the tubercle osteotomies were stabilized with two malleolar screws with washers and a long leg cast. The cast was replaced after 6 weeks with a functional knee brace that permitted active knee exercises. Weight bearing was allowed 3 months after operation when union of the osteotomy was achieved.
Two years after the procedure, the patient had full knee extension, flexion of 120
• , and restoration of the normal axis Case Reports in Orthopedics ( Figure 7 ). Preoperative posterior and medial instability were restored without any ligamentous reconstruction.
Discussion
Salter-Harris type V fractures were described by Salter and Harris as a crush injury to the physis with initially normal X-rays with late identification of premature physeal closure. Epiphyseal plate injuries occur during childhood mainly because of local trauma. However, physeal plate injuries about the knee do not necessarily appear initially, even with nonphyseal fractures of the lower extremities [8] . According to Ogden [9] , closure of the proximal tibial physis is complete by 13-15 years in girls and 15-19 years in boys. The physis is particularly vulnerable to injury just before this time.
The region under the tuberosity is the last portion to close. The Salter-Harris type V physeal injury is difficult, if not impossible, to diagnose acutely. The only radiographic indication may be a decrease in the normal width of the radiolucent physis. Radiographs of the affected and the contralateral knee should be compared especially with regard to the thickness and configuration of the physis. These fractures are usually diagnosed in retrospect, long after the injury [10] . The development of a bony bar, within some months following the initial injury, is associated with complete arrest of growth of only a portion or of the entire physis. This eventually produces a joint surface deformity, an angular deformity, and/or a length discrepancy of the affected extremity. MRI seems to have an important role in the early evaluation and staging of acute pediatric growth plate injuries, as well as in the assessment of growth arrest [11] [12] [13] [14] [15] . The early identification of a traumatic physeal injury may lead to easier management because the treatment aims at resolving the physeal arrest rather than addressing both the arrest and an acquired growth deformity [10] . Genu recurvatum deformity is a rare condition which may be caused by bone or soft tissue pathology (capsuloligamentous recurvatum) in the area of the knee or both [16] [17] [18] . The most common reason is fracture. Even a minor injury may cause premature closure of the anterior part of the proximal tibial growth plate [16, 17, [19] [20] [21] [22] . Possible minor injuries are avulsion of the tibial eminence (OsgoodSchlatter disease), skeletal traction through the proximal tibia, prolonged pressure on the tibial tuberosity by plaster casts, or braces and infectious diseases of the tibia. A few reported occurrences of genu recurvatum deformity in the proximal tibia have been considered idiopathic [19, 20] .
Treatment options include open wedge osteotomy of the tibia proximal to the tibial tuberosity [18] , closed wedge osteotomy proximal or distal to the tuberosity in association with a fibular osteotomy [23, 24] , and open wedge osteotomy in combination with the detachment of the tuberosity [16] . Moroni et al. [16] stressed that in knees in which osteotomy had been carried out proximal to the tuberosity, but in which the patellar tendon had not been detached, the patella was located much too distally. They also stated that when osteotomy was carried out distal to the tuberosity, poor results were obtained because of insufficient correction of the deformity and a prominent anterior curve of the tibial diaphysis was produced. Certain concerns are associated with these acute correcting techniques such as the accuracy of the correction, the patellar height, and the changes in tibial alignment.
In our case, we performed a high tibial dome osteotomy and tibial tubercle detachment osteotomy. Dome osteotomy offers several advantages. The osteotomy is performed in the broad cancellous metaphyseal region of the tibia. Its large surface area decreases the probability of nonunion as well as it gives the advantage to correct a multiplanar deformity. Because the osteotomy is superior to the tuberosity, the tibial tuberosity can be easily anteriorized in order to correct the extensor mechanism [25] . Dome osteotomy has been used for the treatment of varus deformity in adults [25] due to degenerative knee joint disease as well as in children [26] due to developmental deformity. According to our knowledge, high tibial dome osteotomy has not been used before for the treatment of genu recurvatum.
Chen et al. [20] state that the ligamentous laxity observed prior to operation resolved as the osteotomy healed. Ligamentous instability should be restored if instability remains after the bone restoration. A staged approach is recommended. Osteotomy first, followed by ligamentous reconstruction (anterior cruciate ligament ACL and posterior cruciate ligament PCL) several months later after the patient has recovered and acceptable correction of the deformity has been identified [27, 28] . Patellar height also must be taken into concern as it is significantly decreased after open wedge osteotomy than closed osteotomy [23] .
In recent years, the Ilizarov fixator is widely used due to its advantages of multiplanar stability and versatility to Case Reports in Orthopedics gradually correct deformities in any plane [29, 30] . However the device is bulky, not patient friendly, and social acceptance of the device can be an issue [31, 32] . Many complications have been reported with the Ilizarov fixator, therefore, the surgeon must be experienced with its use. Social adjustments are necessary and the patient must be well disciplined.
As in a conclusion, high level of suspicion is advised to health care professionals, even with a minor knee injury in order to diagnose early this progressive deformity. Posttraumatic genu recurvatum deformity can be well treated with a high tibial dome osteotomy associated with tibial tubercle osteotomy. If ligamentous instability persists, it should be treated separately in a different stage.
